PON1 Enzymatic Activity and Antioxidant Effects {#sec1-1}
===============================================

Paraoxonases were originally discovered as enzymes hydrolyzing exogenous toxic organophosphate compounds such as insecticide paraoxon. There are three members of paraoxonases family currently known: Paraoxonase 1 (PON1), Paraoxonase 2 (PON2), and Paraoxonase 3 (PON3), which are encoded by three separate genes on the same chromosome 7 (human) or chromosome 6 (mouse). PON1 protein consists of 354 amino acids with molecular mass 43 kDa.\[[@ref1]\] All three human members of the family are 70% identical at nucleotide level and 60% identical at the amino acid level.\[[@ref2]\]

Studies on enzymatic activity of paraoxonases revealed esterase and lactonase/lactonizing activities in addition to organophosphatase activity.\[[@ref3][@ref4]\] Despite of the large number of compounds that can be hydrolyzed by paraoxonase, the biologically relevant substrates are still not determined for certain. In many cases arylesterase activity is measured to access PON1 level in biological samples. Based on kinetic parameters of paraoxonases toward different substrates, it is assumed that lactones are the likely physiological substrates.\[[@ref4]\] Hydrolysis of homocysteine thiolactone by PON1 is considered to be protective against coronary artery disease (CAD).\[[@ref5]\]

After the introduction of the oxidative stress hypothesis of atherosclerosis and the discovery of antioxidant effect of high-density lipoprotein (HDL),\[[@ref6][@ref7]\] PON1 attracted significant interest as a protein that is responsible for the most of antioxidant properties of HDL.\[[@ref8]\] Purified PON1 protects HDL and low-density lipoprotein (LDL) from oxidation catalyzed by copper ions.\[[@ref9][@ref10]\] PON1 inhibits copper-induced HDL oxidation by prolonging oxidation lag phase, and reduces peroxide and aldehyde content in oxidized HDL. Remarkably, PON1 inhibitors PD-11612, PD-65950, PD-92770, and PD-113487 lessen this antioxidative effect of PON1. Incubation of purified PON1 with hydrogen peroxide or lipid peroxides partly decomposes them. PON1 is especially effective in decomposition of linoleate hydroperoxides.\[[@ref9]\] Also, mass-spectrometry analysis of biologically active fraction of oxidized2-arachidonoyl-sn-glycero-3-phosphorylcholine (Ox-PAPC) underwent PON1 treatment showed degradation of these oxidized phospholipids by PON1.\[[@ref11]\]

The exact antioxidant mechanism of PON1 is not known yet, although it is known that protection is not caused by chelating of copper ions or because of potential lipid transfer from LDL to HDL. Existence of an enzymatic mechanism is supported by the observation that heat inactivation of purified PON1 abolishes its antioxidant effect.\[[@ref10]\]

Some *in vitro* data suggest that antioxidant activity might be related to other components of purified PON1 preparations.\[[@ref3][@ref12]\] However, experiments with PON1 deficient mouse provide strong evidences that PON1 is required to enable HDL antioxidant properties. HDL from PON1 knockout animals were more prone to oxidation and were less efficient in the protection of LDL from oxidation in co-cultured cell model of the artery wall compared with HDL from control mice.\[[@ref13]\] Also, transfection of PON1-deficient peritoneal macrophages (isolated from PON1 knockout mice) with human PON1 decreased level of peroxides, lowered release of superoxide, and increased intracellular level of reduced glutathione, key observations are summarized in [Table 1](#T1){ref-type="table"}.\[[@ref14]\]

###### 

Summary of key facts on PON1 expression, activity, and effects in *in vitro* and *in vivo* studies
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PON1 Expression and Tissue Distribution {#sec1-2}
=======================================

Liver is the principal tissue for PON1 gene expression. The first PON1 messenger ribonucleic acid (mRNA)ionanalysis in different rabbit tissues was performed by northern blot, and revealed PON1 mRNA expression predominately in liver.\[[@ref15]\] Polymerase chain reaction (PCR) amplification using a panel of first-strand complementary deoxyribonucleic acid (cDNAs) from 24 tissues detected PON1 expression in kidney and colon beside liver and fetal liver expression.\[[@ref16]\] Biopsies showed PON1 mRNA and protein expression in human but not in mouse gastrointestinal tract.\[[@ref17]\] Deletion analysis in cultured cells revealed that cell type specific expression in liver and kidney is determined within first 200 bp of promoter area.\[[@ref18]\]

There are several transcription factors and pathways that regulate PON1 expression \[[Figure 1](#F1){ref-type="fig"}\].

![Pathways and transcription factors that involved in transcriptional regulation of PON1 expression in liver. All processes occur in liver, and bile acid -stimulated synthesis of fibroblast growth factor 19 (FGF-19; or FGF-15 in mouse) might be additionally occur in ileum. Positions of regulatory elements are shown based on PON1 gene in human. Arrows represent activation effect. Signals from PMA (phorbol 12-myristate 13-acetate) and high glucose activate transcription factor Sp1 through protein kinases C (PKC) and p44/ p42 mitogen-activated protein kinases (MAPK)](NAJMS-4-523-g002){#F1}

A ubiquitous mammalian transcription factor Specificity Protein 1(Sp1) plays an essential role in regulation of PON1 expression. High glucose level activates protein kinase C (PKC), which activates Sp1, and stimulate PON1 transcription in human hepatoma cell lines HepG2 and HuH7.\[[@ref19]\] A potent PKC activator phorbol 12-myristate 13-acetate (PMA) also stimulates PON1 transcription in HepG2 through activation of Sp1. Two members of PKC family are involved, PKCζ (zeta) and PKC-α (alpha) activation. PKCζ (zeta) mediates transcriptional upregulation PON1 in HepG2 in response to insulin.\[[@ref20]\] Statins (pitavastatin, simvastatin, or atorvastatin) stimulate PON1 transcription through Sp1 activation as well, however, they activate another kinase, p44/p42 mitogen-activated protein (MAP) kinase, as was observed for pitavastatin in HuH7 cells.\[[@ref21][@ref22]\] Also, pivostatin-stimulated p44/p42 mitogen-activated protein kinase (MAPK) activates sterol regulatory element binding protein 2 (SREBP-2), which contributes to transcriptional activation of PON1. Simvastatin activates SREBP-2 and upregulates PON1 as well.\[[@ref22][@ref23]\]

Dietary polyphenols, such as resveratrol, aspirin and its hydrolysis product salicylate, and artificial ligands of aryl hydrocarbon receptor (AhR), such as 3-methylcholanthrene, activate AhR and stimulate PON1 transcription activation in mouse liver and HepG2 cell line.\[[@ref24]--[@ref26]\] c-Jun is another transcription factors that is involved in PON1 expression. The activity of c-Jun is regulated by c-Jun N-terminal kinase (JNK). Phosphorylated c-Jun in a complex with c-Fos or some other transcription factors forms an active AP-1 complex that usually promotes transcription of target genes. Thus, berberine (benzyl tetrahydroxyquinoline), a cholesterol lowering alkaloid, activates JNK, c-Jun and stimulates PON1 transcription in human hepatoma cell lines.\[[@ref27]\] However, stimulation of JNK/c-Jun pathway by bile acids leads to opposite effect. Bile acids such as taurocholate, cholic acid, or chenodeoxycholic acid inhibit PON1 expression in liver of C57BL/6J mice, and in HepG2 and HuH7. The inhibition of PON1 expression starts with activation of farnesoid X receptor (FXR) by bile acids that promote expression of fibroblast growth factor 19 in human (FGF-19) or FGF-15 in mouse. The growth factor activates fibroblast growth factor receptor 4 (FGFR4) followed by activation of JNK, and phosphorylation of c-Jun. Opposite to activation of c-Jun by berberine, FXR/FGF-19/FGFR4/JNK/c-Jun pathway results in suppression of PON1 transcription. FXR and FGFR4 are absolutely necessary for the pathway. Bile acids do not inhibit PON1 expression in FXR-/- and FGFR4-/- mice.\[[@ref28][@ref29]\]

Paraoxonase activity in human liver is primarily localized in microsomal fraction.\[[@ref30]\] It is likely that PON1 stays associated with endoplasmic reticulum through its hydrophobic N-terminus until it is released from the hepatocytes. The mechanism of PON1 secretion is not well investigated. A study on cultured hepatocytes and transfected Chinese hamster ovary (CHO) cells, which do not naturally express PON1 and ApoA proteins, shed some light on releasing of PON1 from the cells. When PON1 protein is synthesized, it accumulates on plasma membrane and slowly dissociate into extracellular medium. Dissociation is promoted by HDL, very-low-density lipoprotein (VLDL), and in much lesser extent by protein-free phospholipids particles or ApoA-I protein. LDL does not promote PON1 release from the cells.\[[@ref31][@ref32]\]

PON1 binds to HDL through interaction of hydrophobic N-terminus to phospholipids, and through PON1-ApoA interaction.\[[@ref33]\] ApoA protein composition of HDL is essential for binding to PON1 protein. Two major principal HDL proteins, that is, ApoA-I and/or ApoA-II which differ in their properties are linked to atherosclerosis modulation. Thus, transgenic mice with HDL consisting of both human ApoA-I and ApoA-II developed 15-fold greater lesions compared with mice with HDL containing solely human ApoA-I.\[[@ref34]\] *In vitro* study of reconstituted HDL demonstrated that ApoA-I containing HDL stabilizes PON1 binding as compared with protein-free HDL particles, and ApoA-II in opposite destabilizes the HDL--PON1 complex. The paraoxonase and arylesterase activities of PON1 do not depend on the apolipoprotein content of HDL. However, ApoA-I containing HDL significantly increases lactonase activity of PON1, promotes inhibition of LDL oxidation, and stimulates macrophage cholesterol efflux compared with ApoA-II containing HDL.\[[@ref35][@ref36]\] A study of human HDL isolated from ApoA-I deficient patients revealed that PON1 is still associated with HDL in the absence of ApoA-1, however, the PON1--HDL complex is less stable, and PON1 loses activity faster than in normal controls.\[[@ref37]\]

Similar effects of ApoA protein composition in HDL were observed in transgenic animal studies. A higher content of human ApoA-II protein in mouse HDL suppresses PON1 binding to HDL compared with HDL with lower human ApoA-II content. HDL high in human ApoA-II binds less PON1 protein, possesses less PON1 activity, and is impaired in protection of LDL from oxidation. Transgenic mouse with higher human ApoA-II content in HDL are more susceptible to atherosclerosis compared with transgenic animals with lower ApoA-II level in HDL and control animal.\[[@ref34][@ref38][@ref39]\]

HDL facilitates distribution of PON1 protein through the body. HDL-associated PON1 can be successfully transferred to cultured cells *in vitro* and deliver protection from oxidative stress and bacterial substrate of PON1 N-3-oxo-dodecanoyl-L-Homoserine lactone.\[[@ref40]\] Beside HDL, some amount of PON1 in human plasma is associated with VLDL and chylomicrons.\[[@ref41]\]

While liver is the major tissue of PON1 gene expression, lipoprotein-assisted circulation of PON1 in plasma delivers the enzyme to multiple tissues that do not express PON1 themselves. Immunohistochemical staining of rat tissues revealed PON1 presence in liver, kidney, in endothelial lining of lung and brain.\[[@ref42]\] More recent study with mouse tissue detected PON1 protein in hepatocytes, adipocytes, chondrocytes, skeletal and cardiac muscle, kidney, spermatozoa, and epithelial cells of skin, stomach, intestine, trachea, bronchiole, and eye lens. Studies did not find co-localization of PON1 with ApoA-I protein that might mean local PON1 expression or different sources of ApoA-I, an integral component of HDL.\[[@ref43]\]

Immunostaining of healthy human aorta shows a low level and granular distribution of PON1 in smooth muscle cells. Western blot confirmed presence of intact and degraded PON1 in media of healthy aorta. With the development of atherosclerosis, PON1 staining of media increases and becomes homogeneous. Increasing accumulation of PON1 with the progression of the atherosclerosis can be seen in the intimal part of aorta as well. Aorta with advanced atherosclerosis lesions shows massive PON1 accumulation.\[[@ref44]\] A more recent study attributed an increased PON1 immunostaining in human atherosclerotic arteries to macrophages accumulated in lesions.\[[@ref45]\]

Atheroprotective Effects of PON1 in Animal Models {#sec1-3}
=================================================

High--fat, high-cholesterol (atherogenic) diet leads to fast development of atherosclerosis in C57BL/6J mouse strain with concomitant decrease in liver PON1 expression. At the same time PON1 expression and its protective effects did not decrease in atherosclerosis-resistant strain C3H/HeJ.\[[@ref46]\]

The first PON1 knockout mouse data became available in 1998. Macrophages from this mouse did not protect LDL from oxidation by other cells *in vitro*, and PON1 knockout mice developed atherosclerosis faster than control mice on high fat, high cholesterol diet.\[[@ref13]\] To study the effect of PON1 knockout further, this mouse was crossed with ApoE knockout mice to generate PON1-/-, ApoE-/- mouse. The double knockout mice fed with atherogenic diet developed atherosclerosis faster than control. Plasma lipid profile of these double knockout mice was similar to ApoE-/- control animals with slightly decreased level of intermediate density lipoprotein (IDL) and LDL, and increased level of lysophosphatidylcholine and oxidized phospholipids in IDL and LDL. The rates of LDL oxidation and clearance were higher in PON1-/-, ApoE-/- mice than in control mice as was determined by injection of human LDL. Expression of genes responding to increase of OxLDL, such as heme oxygenase-1, peroxisome proliferator-activated receptor gamma, scavenger receptor type A, CD36, and macrosialin, was upregulated in liver of PON1-/-, ApoE-/- mice compared with ApoE-/- mice.\[[@ref47]\]

Involvement of PON in inflammation and oxidative stress were detected in vascular wall of PON-/- animals. Adhesion of leukocytes was increased in the knockout mouse as measured by intravital microscopy. Expression of mRNA of essential cell adhesion molecules P-selectin and ICAM1 was upregulated in aortic wall. An increased oxidative status was detected using superoxide-sensitive reagent lucigenin. PON-/- mice have a significantly shorter time of occlusion in carotid thrombosis assay.\[[@ref48]\] If a deficiency of PON1 leads to inflammation and oxidative stress, then increases in PON1 function could be beneficial. A transgenic mouse mPON1 was developed in 2001, with 5-fold higher level of mouse PON1 protein and corresponding increase in arylesterase activity. PON1 was associated with HDL, and protected HDL from oxidation by copper ions as it was assessed by lipid hydroperoxide formation assay, and by retaining oxidation-sensitive activity of lecithin:cholesterol acyltransferase (LCAT).\[[@ref49]\] A decrease in atherosclerotic lesion size and improved oxidation status of aorta and peritoneal macrophages in PON1 overexpressing transgenic mouse on ApoE-/- background have been compared with ApoE-/- control have been reported.\[[@ref14]\] In another transgenic mouse model, PON1-Tg, which overexpresses human PON1 gene of 55L/192Q genotype, plasma level of arylesterase activity was twice higher in PON1-Tg mouse compared with control mouse when animals were fed normal chow. The excess of PON1 level resulted in better retaining of its activity after feeding animals with atherogenic diet. PON1 activity decreased to about three-fourth (3/4) of original level after 15 weeks of atherogenic diet feeding to PON1-Tg mice, and to less than one-half (1/2) of original level in control animals. Thus, arylesterase activity mediated by PON1 was almost 4-fold higher in PON1-Tg mice compared with control mice after feeding atherogenic diet. Overexpression of PON1 definitely protected mouse from development of atherosclerotic lesions. Aortic lesion areas in PON1-Tg animals were about half of the size of areas of the control mice after feeding atherogenic diet. ApoE-/-, PON1-Tg genotype mice fed normal chow similarly developed lesions slower, compared with ApoE-/- controls; however, the difference in lesion area was just 22%. Plasma arylesterase activity of ApoE-/-, PON1-Tg mice was 2.5-fold higher than that of ApoE-/- animals, however, there is no difference between their lipid profile. A decreased inflammatory status of aortas in ApoE-/-, PON1-Tg mice compared with ApoE-/- mice was detected by examination of the expression level of MCP-1 cytokine gene. HDL isolated from PON1-Tg mouse plasma or ApoE-/-, PON1-Tg mouse plasma provided better protection against LDL oxidation, than HDL isolated from control animals.\[[@ref50]\]

Beside PON1 studies on transgenic mouse, a transient overexpression of PON1 gene in mouse was utilized to investigate effect of PON1. Adenovirus-mediated delivery of human PON1 gene (55M, 192Q genotype) in double knockout leptin-/- (ob/ob), LDLR-/- mouse resulted in more than 4-fold increase of PON1 activity on day 7 with gradual decrease to the control level by day 21. Mice were injected with adenovirus at the age of 18 weeks when the progression of atherosclerosis occurs in a fast rate. Six weeks later, cross-sections of the aortic root were analyzed by immunohistochemistry. Plaque size, volume of macrophages, concentration of OxLDL was significantly lower in PON1 expressing animals. The titer of anti-OxLDL antibodies was lower in plasma of PON1 overexpressing mice as well.\[[@ref51]\]

While an early PON1 intervention proved to have significant athero-protective effect, another study was performed to assess whether transient PON1 overexpression can improve vascular function in advanced atherosclerosis. Similar to the previous study, 55M/192Q variant of human PON1 gene was delivered in 18 month old ApoE-/- mouse fed normal chow using adenovirus vector. Serum PON1 activity was increased 10-fold by day 7 and 2.5-fold on the day 21 in PON1 overexpressing animals compared with controls. After 3 weeks, lesions were measured and no changes in their size were found. However, vasomotor function was improved by transient overexpression of PON1. Thus, phenylephrine-constricted segments of the aortas relaxed significantly better in response to endothelium dependent agonists ACh, adenosine-5'-triphosphate (ATP), and uridine-5'-triphosphate (UTP) observations on PON1 role in animal models is summarized in [Table 2](#T2){ref-type="table"}.\[[@ref52]\]

###### 

Summary of observations on alterations of PON1 expression in mice
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PON1 Serum Activity, Polymorphism and CAD in Human {#sec1-4}
==================================================

Meta-analysis of 47 studies with 9853 CAD and 11,408 control subjects published in 2012 confirmed association of lower plasma PON1 activity with increased CAD risk (19% lower PON1 activity, *P* \< 0.00001).\[[@ref53]\] Another meta-analysis published in 2012 included 43 studies with total 20,629 subjects showed similar association of PON1 activity and CAD with standardized mean difference (SMD) of -0.78 (*P* \< 0.001) for CAD subjects compared with controls. Slightly weaker association was between arylesterase activity of PON1 and CAD with SMD of -0.50 (*P* \< 0.001).\[[@ref54]\] Both meta-analyses observed increased risk of CAD in subjects with lower PON1 regardless of age and ethnicity; Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"} summarizes the role of PON1 in human studies.

###### 

Summary of allele differences of PON1 *in vitro*, and conclusions from PON1 human studies
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###### 

Recent human studies on the role of PON1 in CVD
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Some alleles of polymorphous genes can be causative factors in development of diseases and reliable predictors. Several polymorphisms were detected in human PON1 gene. There are at least five known polymorphisms in promoter region of PON1: -909/-907 (C or G), -832/-824 (A or G), -162/-160 (A or G), -126 (C or G), and -108/-107 (C or T). Also, there are two polymorphisms in the PON1 coding region, Q192R (aka rs662 or 575A \> G) and L55M (aka rs854560 or 163T \> A), and several polymorphisms in 3' untranslated region of the gene.\[[@ref62]\] PON1 protein level in human serum varies more than 13-fold, and variations in the sequence of promoter region of PON1 gene might cause difference in its expression. Two-fold differences in expression level between alleles were observed in cell culture reporter gene assay for three polymorphisms: -909/-907 (C or G), -162/-160 (A or G), and -108/-107 (C or T). Polymorphisms -162/-160 (A or G) is a putative binding site for transcription factor NF-I, and -108/-107 (C or T) is a putative binding site for Sp1. No effect on expression level in the reporter gene assay was observed for -832/-824 (A or G), -162/-160 (A or G) polymorphisms.\[[@ref18]\]

Gene expression and enzyme activity studies on PON1 polymorphisms in protein coding region Q192R and L55M resulted in several observations. First, messenger RNA of allele 55M appeared to be more stable than 55L as determined by PCR amplification and restriction analysis of cDNA synthesized from heterozygous liver samples. L55M heterozygous liver had roughly twice more mRNA of 55M allele compared with 55L. That might results in difference in protein expression levels between alleles and ultimately in PON1 activity and protection, although it was not assessed in the study.\[[@ref63]\] Q192R and L55M alleles differ in their enzymatic activities. In a study of serum of 279 healthy human subjects hydrolytic activity of PON1 toward paraoxon was depending on both polymorphisms. PON1 protein level was relatively similar for all tested polymorphism variants. Activity of 55M homozygotes were always lower than 55L/M heterozygotes or 55L homozygotes.\[[@ref64]\] Later studies revealed that Q192R polymorphism affect PON1 activity toward several substrates. QQ, QR, and RR phenotypes can be reliably determined by assaying PON1 catalytic activities toward two substrates: diazoxon and paraoxon. PON1 of QQ genotype exhibits relatively high activity toward diazoxon and relatively low activity toward paraoxon. RR genotype, opposite to QQ, exhibits low activity toward diazoxon and high activity toward paraoxon. QR phenotype exhibits intermediate activity toward both substrates.\[[@ref65]\] 192R PON1 hydrolyzes homocysteine thiolactone faster than 192Q PON1.\[[@ref66]\]

Q192R and L55M PON1 enzymes differ in their protection to LDL from oxidation *in vitro* using LDL oxidation assay with copper in the presence of HDL. PON1 of QQ/MM genotype provides the best antioxidant protection. Protection by PON1 decreases in the order of genotypes QQ \> QR \> RR with almost no antioxidant activity in RR genotype, and about a half of QQ activity in QR phenotype. The antioxidant activity of PON1 decreased in the series MM \> LM \> LL, with the activity of LL genotype about a half of activity of MM genotype.\[[@ref67]\]

Multiple clinical studies were performed to expose whether PON1 polymorphism may contribute to CAD and other diseases. Currently, analyses of association of PON1 polymorphism with atherosclerosis-related diseases determined just one reliable association, an association of Q192R polymorphism with ischemic stroke. Meta-analysis of 22 studies have been published earlier up to mid of 2009, totaling 7384 ischemic stroke subjects and 11,074 controls revealed odds ratio of 1.10 for G (192R) allele (95% CI: 1.04--1.17).\[[@ref68]\] Another meta-analysis study that was published in 2010 and summarized results of 11 studies confirmed that 192R allele confers significant risk of ischemic stroke (odds ratio =1.25, 95% CI: 1.07,1.46, *P* = 0.006). Surprisingly, this risk is confined to Caucasian subjects, but there is no significant association of 192R allele of PON1 and ischemic stroke in East Asian population.\[[@ref69]\]

Association of PON1 polymorphism Q192R with CAD was examined in extensive meta-analysis of studies published before 2011. Per-allele odds ratio for CAD for 192R was 1.11 (95% CI: 1.05, 1.17) based on all studies regardless of their size. However, analysis suggested that small studies were less reliable, perhaps because of small studies bias. No significant association of 192R allele with CAD was observed when 10 larger studies with more than 500 cases each were analyzed.\[[@ref70]\] Similar conclusions regarding small study bias and the absence of reliable association of Q192R polymorphism with CAD were concluded in two other independent massive meta-analysis studies published in 2004;\[[@ref71][@ref72]\] also, no association was found between CAD and L55M or -108/-107 (C or T) polymorphisms of PON1 gene. Meta-analysis for L55M and -108/-107 (C or T) PON1 polymorphisms determined per-allele odds ratios for CAD as 0.94 (95% CI: 0.88,1.00) for 55M and 1.02 (95% CI: 0.911.15) for -108/-107 C, respectively. No significant association of L55M or -108/-107 (C or T) PON1 polymorphisms with CAD were observed in an earlier meta-analysis study.\[[@ref72]\]

No association between L55M (rs854560) polymorphism and ischemic stroke was found in meta-analysis of 16 studies published before mid-2009 totaling 5518 ischemic stroke subjects and 8951 controls.\[[@ref68]\] Similarly, a meta-analysis published in 2010 for 10 studies did not find significant association 55L allele with stroke regardless on the stroke type, age of patients, and ethnicity.\[[@ref69]\]

Resent human studies generally support the conclusions of meta-analyses \[[Table 4](#T4){ref-type="table"}\]. A novel PON1 polymorphism associated with atherosclerosis was recently revealed, SNP rs854563(A/G).\[[@ref55]\]

In conclusion, PON1 antioxidant and anti-inflammatory effect is extensively examined *in vitro*, in cell culture and animal models. Human studies confirm protective role of PON1 in CAD and another atherosclerosis-related disease, ischemic stroke. Although the current knowledge of PON1 provides valuable insights on the function and role of PON1, yet mechanism of PON1 action is still not well investigated. Transient overexpression of PON1 in mouse demonstrated beneficial effects of PON1 beyond its antiatherogenic properties. Further research of PON1 could potentially lead to new clinical strategies in prevention and treatment of cardiovascular diseases.
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